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In antiferromagnetic spintronics, it is essential to separate the resistance modifications of purely
magnetic origin from other effects generated by current pulses intended to switch the Ne´el vector.
We investigate the magnetoresistance effects resulting from magnetic field induced reorientations
of the staggered magnetization of epitaxial antiferromagnetic Mn2Au(001) thin films. The samples
were exposed to 60 T magnetic field pulses along different crystallographic in-plane directions of
Mn2Au(001), while their resistance was measured. For the staggered magnetization aligned via
a spin-flop transition parallel to the easy [110]-direction, an ansiotropic magnetoresistance of '
−0.15 % was measured. In the case of a forced alignment of the staggered magnetization parallel
to the hard [100]-direction, evidence for a larger anisotropic magnetoresistance effect was found.
Furthermore, transient resistance reductions of ' 1 % were observed, which we associate with the
annihilation of antiferromagnetic domain walls by the magnetic field pulses.
I. INTRODUCTION
In the emerging field of antiferromagnetic (AFM) spin-
tronics [1–3], the orientation of the staggered magne-
tization, or more general of the Ne´el vector, is used
to encode information. For devices, the manipulation
of the Ne´el vector by current induced Ne´el spin-orbit
torques (NSOTs) [4] is most promising and in principle
the anisotropic magnetoresistance effect (AMR) can pro-
vide a read-out mechanism. Thus, current pulse induced
reversible resistance changes demonstrated for CuMnAs
[5–7] and Mn2Au [8–10], were interpreted as originating
from the AMR associated with the reorientation of the
Ne´el vector.
Current pulse generated resistance switching was ob-
served also in polycrystalline metallic AFM MnN/Pt bi-
layers [11] and insulating AFM NiO/Pt bilayers [12–14],
which is assumed to result from interfacial spin-orbit
torques and spin-Hall magnetoresistance for read-out.
However, recently similar current pulse induced resis-
tance changes were obtained investigating non-magnetic
cross structures consisting of pure Pt or Nb thin films.
These experiments indicate that current pulse induced
annealing could produce electrical signals similar to those
observed in NiO/Pt [15, 16]. Thus it is of major impor-
tance to investigate the obtainable magnetoresistance ef-
fects independent of current pulse based manipulation
of the AFMs, i. e. to investigate resistance modifications
purely associated with specific configurations of the Ne´el
vector of antiferromagnetic domain configurations.
In this framework, we use a manipulation method of
the Ne´el vector of Mn2Au thin films, which guarantees
that only magnetism related properties of the AFM are
affected, explicitly excluding all kinds of Joule heating
related effects: Ne´el vector reorientation by a large mag-
netic field pulse of up to 60 T. For a collinear AFM, it
is energetically favorable, if the magnetic moments are
aligned perpendicular to the magnetic field, which allows
them to slightly cant towards the field direction. This
allows us to study the magnetoresistance effects origi-
nating from a reorientation of the Ne´el vector excluding
all possible spurious effects. In general one can consider
three different magnetoresistance effects: First, the or-
dinary magnetoresistance (OMR), which appears in non-
magnetic metals as well. The field dependence of OMR is
non-hysteretic, depends on the details of the band struc-
ture, and is in general positive [17]. The longitudinal
as well as the transversal OMR can amount to several
percent for large fields (> 10 T) [18, 19]. Second, the
anisotropic magnetoresistance (AMR), which, in AFM
spintronics, is generally assumed to dominate the resis-
tance modifications resulting from a current induced re-
orientation of the Ne´el vector. Third, the domain wall
magnetoresistance (DWMR). This is a relevant effect in
AFM spintronics, as typically the thin films are patterned
into structures with lateral dimensions of several microm-
eters, whereas the typical AFM domain size is much
smaller [20–23]. In ferromagnets, the transport of spin-
polarized currents leads to scattering by the non-collinear
spin structure imparted by domain walls [24, 25]. Similar
effects are possible for AFMs as well [26], but have been
studied much less. One of the few AFM metals, whose
domain wall resistance has been experimentally investi-
gated, is Cr [27].
Here, we investigate the resistance changes induced
by an reorientation of the Ne´el vector in epitax-
ial Mn2Au(001) thin films by a magnetic field pulse,
i. e. we investigate pure magnetoresistance effects exclud-
ing heating effects. We focus on the hysteretic magne-
toresistance associated with the DWMR and AMR, as we
are interested in the switching effects of AFM spintronics.
II. EXPERIMENTAL TECHNIQUES
For the electric transport measurements, an epitaxial
Mn2Au(001) thin film with a thickness of 80 nm was de-
posited on a Al2O3 (11¯02) substrate with a Ta(001) buffer
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2layer (thickness 20 nm) as described in Ref. [28]. This
sample was capped with 2 nm of Ta to prevent oxidation
of the Mn2Au surface and shows the same morphology as
those investigated in Ref. [20]. For precise measurements
of the resistance, it was patterned by optical lithography
and ion beam etching into 3 stripes of 7 mm length and
200 µm width aligned parallel to the easy [110]-, easy
[11¯0]- and hard [100]-directions of Mn2Au, respectively.
Separate contact pads at the ends of each stripe allowed
for 4-probe measurements of the resistivity along the dif-
ferent crystallographic directions (see inset of Fig. 1).
The sample was exposed to a magnetic field pulses with
an amplitude of 60 T and a pulse duration of 150 ms at
the high field laboratory of the Helmholtz center Dres-
den Rossendorf (HLD-EMFL) to generate an alignment
of the Ne´el vector perpendicular to the field direction. To
ensure the stable temperature required for magnetoresis-
tance measurements, the sample was immersed in liquid
helium inside the cryostat within the field coil. During
each pulse, and afterwards for up to 10 s, the resistance R
of one of the patterned Mn2Au stripes was probed with a
sampling rate of 200 kHz using a numerical lock-in tech-
nique with a probe current of 105 A/cm2 modulated with
a frequency of 20 kHz. In parallel, the magnetic field
was obtained by numerical integration of the dB/dt sig-
nal induced in a pick-up coil situated next to the sample.
This lock-in technique enables resistance measurements
during the field pulse application, while standard dc mea-
surements are impossible due to the large induction effect
generated by the magnetic field pulse. After each pulse,
a waiting time of approximately 4 h is required for ther-
malization of the magnet coil, before the next pulse can
be applied.
III. RESULTS
The magnetoresistance effects discussed below can only
be understood, if we first summarize our previous micro-
scopic investigations of the persistent effects of large mag-
netic field pulses on the AFM domain pattern of our sam-
ples [20]. We showed by X-ray magnetic linear dichro-
ism - photoelectron emission microscopy (XMLD-PEEM)
that the AFM domain pattern of as-grown Mn2Au(001)
thin films consists of domains with an area of ' 1 µm2
with the Ne´el vector aligned along both easy [110]- and
[11¯0]-axes. Exposing the samples to a field pulse with
an amplitude of Bpulse = 30 T along one easy axis re-
sulted in a significantly increased area of AFM domains
with the Ne´el vector aligned perpendicular to the field
pulse direction. The sample area covered by domains
with this Ne´el vector alignment was observed to saturate
for Bpulse = 50 T, i. e. an orientation of the Ne´el vector
via spin-flop happens between 30 T and 50 T. We showed
that these domains with the Ne´el vector aligned perpen-
dicular to the field pulse direction are typically of sightly
FIG. 1. Field dependent resistances of a Mn2Au(001) epi-
taxial thin film measured during the exposure to magnetic
field pulses along [110] with a duration of 150 ms, normalized
to the sample resistances directly before the application of
the respective field pulse. Between both field pulses a waiting
time of about 4 h was required.
larger sizes than in the as-grown state of the samples and
are separated by narrow wormlike spin structures with a
width of ' 100 nm (about twice the resolution limit of
the PEEM). However, after the application of field pulses
along the hard [100]-direction, we observed an equal part
of AFM domains with Ne´el vector aligned parallel to both
easy [110]- and [11¯0]-axes, with as well a sightly larger
sizes than in the as-grown state [20].
From the resistance measurements presented here, we
first discuss the effect of field pulses ~B(t) along an easy
[110]-direction of Mn2Au, as this is associated with a
straight forward modification of the magnetic state. The
pulse generates a spin flop of all AFM domains with the
Ne´el vectors ~N ‖ ~B, i. e. results in an persistent alignment
of ~N ⊥ ~B as discussed above. This alignment results in
a relatively small, but persistent AMR effect, as we will
discuss below. However, we first present the larger re-
sistance modifications associated with the magnetic field
pulse.
The red curve in Fig. 1 shows the resistance R of
a Mn2Au(001) thin film (normalized to the resistance
R0 before the field pulse) probed along the easy [110]-
direction during a 150 ms pulse generating a time depen-
dent magnetic field B(t) applied along the same direc-
tion.
Up to B(t) ' 30 T, R(B) is governed by the non-
hysteretic positive OMR. However, we focus on the hys-
teretic resistance modifications originating from DWMR
and AMR. Such effects appear above 30 T, which is ex-
actly the magnetic field at which we previously observed
a spin-flop of most AFM domains with ~N ‖ ~B ‖[110].
The hysteretic resistance reduction saturates at '50 T,
3which is the magnetic field, at which the Ne´el vectors
of all corresponding domains have completed the spin-
flop alignment [20]. With decreasing field below 30 T,
R(B) hysteretically reproduces the previous curve with
a negative shift of the resistivity of ' 0.75 %, by which
the sample resistivity directly after the pulse is reduced
compared to its initial value.
As we will discuss below, this resistance reduction re-
laxes on a time scale of ' 10 s. So if the experiment is
repeated some hours later with another field pulse, one
starts with the same resistance, which the as-grown sam-
ple had before the first field pulse plus a small AMR
contribution, which we will discuss below. However, first
we continue to discuss the relatively large resistance re-
duction, which appears at the spin flop field of ' 30 T.
The blue curve in Fig. 1 shows R/R0 of the same
Mn2Au(001) thin film in a second field pulse along the
same [110]-direction 4 h later, but this time probed with
contacts along the perpendicular [11¯0]-direction: R(B)
shows a similar hysteresis as described above for the lon-
gitudinal resistance measurements, i. e. a reduction of the
resistance at a magnetic field corresponding to the spin-
flop field by a very similar value as discussed above for
the probe current ‖ [110].
For further investigation of the field pulse related re-
sistance changes, the field was next applied along the
hard [010]- and [100]-directions of the Mn2Au thin films,
while probing always with the current direction paral-
lel to [010] (see inset of Fig. 2). For these hard axis di-
rections of the magnetic field, no spin-flop is possible.
Instead, the Ne´el vectors of the different AFM domains
will rotate smoothly from the easy directions towards an
alignment perpendicular to the field pulse direction (hard
axis), which they will reach at the spin-flop field. This
means, that a continuously growing contribution of the
AMR effect to the total resistance change is expected for
this field direction, which becomes zero again in zero field
with the Ne´el vector aligned again along the easy [110]
and equivalent directions. Indeed, the dependence of the
sample resistance on the current direction as shown in
Fig. 2 is much stronger for the field along the hard [100]
direction than for ~B ‖ [110]. Although the directional
dependence of the OMR, which also contributes, is un-
known, this provides evidence for a large AMR in the
order of some percent associated with the alignment of
the Ne´el vector parallel to the hard [100] direction in
agreement with our previous calculations [8]. Addition-
ally, also for the hard axis field direction, a hysteretic
resistance reduction is observed. It amounts to about
1.75 %, which is about twice as large as for the easy field
direction.
To understand the origin of these changes of the sam-
ple resistance, we next probe their temporal stability.
These hysteretic resistance reductions are not persistent,
i. e. they relax towards values relatively close to the orig-
inal resistance of the sample before application of a field
FIG. 2. Field dependent resistances of a Mn2Au(001) epi-
taxial thin film measured during the exposure to a magnetic
field pulses along [010] and [100] with a duration of 150 ms,
normalized to the sample resistances directly before the ap-
plication of the respective field pulse. Note that between both
field pulses the waiting time was about 4 h.
FIG. 3. Time dependence of the normalized resistances of a
Mn2Au(001) epitaxial thin film probed along different current
directions after the exposure to magnetic field pulses along the
hard as well as along the easy in-plane axis. The resistance
relaxes with a logarithmic time dependence as shown by the
fits (dashed curves).
pulse: As shown in Fig. 3, the resistance reduction gen-
erated by the magnetic field exceeding the spin-flop field
relaxes for pulses along the hard [010] as well as along
the easy [110] direction of the Mn2Au(001) thin films on
a time scale of 10 s. Its decay can be fitted by a logarith-
mic time dependence, which is typical for the relaxation
of the magnetization of ferromagnets of different types
[29, 30]. Theoretically, this type of relaxation behavior
was first associated with a flat-topped distribution of en-
4FIG. 4. Time dependent resistance for different probe cur-
rent directions (see inset) of a Mn2Au(001) thin film in the
as-grown state and after the application of the first 60 T field
pulse at t ' 250 s along the direction indicated in the inset.
The standard dc-measurement is unable to produce meaning-
ful data for the first ' 15 s after the field pulse due to over-
loading of the nanovoltmeter by the pulse induced induction.
The blue boxes indicate the alignment of the Ne´el vector.
ergy barriers [31], while later it was shown, that it is
rather universal for any distribution of energy barriers
[32].
However, when checking the relaxation of the different
signals, we find that not all resistance modifications as-
sociated with the field pulse are transient, as we discuss
next:
After applying a field pulse along one of the easy axis
directions to a sample in the as-grown state, which con-
sists of AFM domains with an equal distribution of do-
mains with the Ne´el vector aligned along all four equiv-
alent easy directions (see images in ref. [20]), the resis-
tance does not relax completely to its original value. In
Fig. 4, the time dependent sample resistivity is shown for
the first 20 min after application of a 60 T field pulse
to an as-grown sample, measured by a standard DC-
measurement. Please note that with this measurement
technique no meaningful data is obtained for the first
' 15 s after the field pulse due to overloading of the DC
nanovoltmeter by the pulse induced induction. A per-
sistent probe current direction J dependent increase and
decrease of the sample resistance is observed (see inset of
Fig. 4). Correspondingly, if the resistance measurement
shown in Fig. 2 is performed for the first time with a sam-
ple in the as-grown state and than 4 h later repeated with
exactly the same configuration, the initial resistance is
changed by exactly the value of the persistent resistance
modification discussed here. This long term persistent
resistance change of ∆R ' −0.15 % is positive for probe
current parallel and negative for probe current perpen-
dicular to the field pulse direction, which corresponds to
an AMR effect. An AMR of similar size but with a dif-
ferent sign was recently reported for CuMnAs [33].
IV. DISCUSSION AND CONCLUSIONS
Thus we conclude that in Mn2Au there is a negative
AMR of ' −0.15 % at 4 K associated directly with
the spin-flop driven Ne´el vector reorientation. This ex-
perimentally observed AMR is in good agreement with
our previously published calculations [8]: we considered
the AMR of Mn2Au(001) theoretically for alignments of
the Ne´el vector parallel to the [110] as well as parallel
to the [100] direction. In the first case, we obtained
AMR[110] ' −0.4 %, in the second case AMR[100] ' 6 %.
As we have meanwhile established, the [110]-direction
represents an easy axis within the easy (001)-plane [20],
thus the calculation is in good agreement with the exper-
imental results shown in Fig. 4. Furthermore, as already
discussed above, also the previously calculated AMR[110]
in the order of several percent is consistent with the ex-
perimentally observed anisotropy of the resistance with
the Ne´el vector forced by the field pulse to align along
the hard axis (Fig. 2).
However, AMR cannot account for the field pulse gen-
erated hysteretic transient resistance reductions, which
appear for all field directions at the spin-flop field. This
effect can be explained based on DWMR. Independent
from the physical mechanism of the DWMR, the large
magnetic field during the pulse makes any alignment of
the Ne´el vector parallel to the field energetically unfa-
vorable. Thus it is likely that during a field pulse with a
magnitude above the spin-flop field all domain walls are
removed. However, we know from the XMLD-PEEM in-
vestigation of our samples performed weeks after the field
pulses, that even in samples with a persistent spin-flop in-
duced reorientation of the Ne´el vector domain walls exist.
We also know that in all configurations the field pulses
reduce the resistance of the Mn2Au thin films at the spin-
flop field followed by an increase of the resistance after
the pulse. Thus we can consistently assume that the do-
main walls produce a significant DWMR, which is identi-
fied by removing the domain walls during the field pulse.
After the pulse, on the time scale of 10 s (at 4 K) given
by the measured relaxation time of the resistance, the do-
main walls reform. As the density of the domain walls is
very similar in the as grown and in the field manipulated
samples [20], the contribution of the DWMR to the sam-
ple resistance is before and after the field pulse is very
similar as well. A microscopy based verification of this
model is highly desired, but unfortunately not possible as
XMLD-PEEM imaging of the domain of Mn2Au cannot
be realized on the time scale of 1 s after a 50 T field pulse.
Furthermore, we can only speculate about the physical
origin of the relatively large DWMR, which is implied by
5our analysis: We propose, that it is related to the specific
anisotropies in the band structure of Mn2Au, from which
also the large calculated AMR[100] ' 6 % [8] originates.
In a domain wall, the Ne´el vector is pointing along the
hard [100] direction as well and confinement effects could
further increase its magnitude.
Finally, we relate the magnetoresistance effects and
magnetic anisotropies discussed here to our previous ob-
servation of reversible current pulse induced resistance
changes of up to 6 % [8]: Those large effects where ob-
tained for current pulses along the, as we now know
magnetically hard, [100] direction and they were much
large as the here experimentally determined persistent
AMR[110] ' −0.15 %. Thus we can now exclude the
AMR of AFM domains with the Ne´el vector aligned by
current pulses as the origin of these large resistance mod-
ifications. However, here we have provided evidence for a
potentially large DWMR in Mn2Au, which could well ex-
plain the observed resistance changes in the current pulse
experiments. Clearly, this requires further investigations
combining the microscopic observation of current induced
AFM domain manipulation with in-situ resistance mea-
surements.
V. SUMMARY
In summary, we have identified the magnitude of the
AMR ' −0.15 % in Mn2Au associated with the per-
sistent alignment of the Ne´el vector along the magnetic
easy [110] axis. Forcing the Ne´el vector to align parallel
to the hard [110] axis, we provided experimental evidence
for an AMR of several percent for this orientation of the
staggered magnetization. These experimental values are
consistent with our previous calculations of the AMR [8].
Furthermore, we observed field pulse induced transient
resistance reductions of ' 1 %, which are consistent with
the assumption of removal and subsequent reformation of
AFM domain walls. This model implies a relatively large
domain wall magnetoresistance in Mn2Au. Such large
domain wall resistances would provide opportunities in
antiferromagnetic spintronics such as race track memory
[34] or multi-level switching [35] and could explain the
large resistance changes generated by current pulses
applied to our Mn2Au(001) thin films [8].
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